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Abstract. This paper investigates the possibility of reconstructing the palaeohydrological changes in an active 
Sphagnum peat bog from north-western Romania using testate amoebae fauna and organic matter content determined 
by loss on ignition (LOI). In total 28 taxa of testate amoebae were identified of which 11 were frequent enough to 
present a remarkable ecological significance. Based on the relative abundance of these taxa nine zones were identified, 
crossing from very wet to dry climate conditions. The wet periods identified are characterized by taxa like Centropyxis 
cassis, Amphitrema flavum and Hyalosphenia papilio, while in the dry periods Difflugia pulex and Nebela militaris 
thrive. We showed that combining qualitative information regarding hydrological preferences with the quantitative 
percentage data from the fossil record it is possible to obtain information regarding major surface moisture changes 
from the peat bog surface. Furthermore we identified a link between distribution of testate amoebae assemblages, 
organic matter variation and minerogenic material.
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INTRODUCTION
Testate amoebae (Protista) are a group of unicellular organism 
which often occur in a large variety of moist environments but 
are most frequent in peat bogs. These are characterized by a test 
formed through secretions (proteinaceous or pseudochitinous) 
or agglutination which is susceptible to fossilization.
These organisms were used for palaeoenvironmental 
reconstruction in peat bogs and lake sediments for over 
one century (Lindberg, 1899) and their palaeoecological 
significance is further investigated in more recent studies 
(Tolonel et al., 1992, 1994; Woodland et al., 1998).
In most of the studies testate amoebae are used as indicators 
of hydrological changes in peat bogs (moisture and depth to water 
table) due to their quick response towards these factors (Booth 
and Zygmunt, 2005; Opravilová and Hájek, 2006; Lamentowicz 
et al., 2010). Also different aspects of water chemistry have 
been linked to the variations of testate amoebae communities. 
pH is one of the most studied factors of water chemistry that 
was used in palaeoenvironmental reconstructions (Lamentowicz 
and Mitchell, 2005; Payne et al., 2006), nevertheless it is a less 
important indicator than surface moisture and depth to water 
table (Tolonen et al., 1994; Charman and Warner, 1997).
Data obtained from testate amoebae are usually analyzed 
using two different ways: qualitative reconstruction 
using ecological indicator values of taxa and quantitative 
reconstruction. Both qualitative and quantitative techniques 
depend on a good knowledge of testate amoebae ecology. 
The qualitative method is a technique which uses the data in 
a subjective way in order to induce past conditions, the fossil 
community reflecting a series of conditions on a descriptive 
scale from very wet to very dry. The quantitative methods 
(transfer functions) use the relationship between hydrology or 
different aspects of the taxa ecology and modern associations 
in order to reconstruct past hydrological changes but are 
usually restricted to ombrotrophic peat (Warner and Charman, 
1994; Mitchell et al., 2001; Lamentowicz and Mitchell, 2005; 
Payne et al., 2006; Schnitchen et al., 2006; Charman et al., 
2007; Amesbury et al., 2013; Lamarre et al., 2013).
To date, in Romania, despite numerous peat bogs that 
can be excellent archives for testate amoebae (TA) based 
reconstruction data on fossil TA is limited to only two records 
(Schnitchen et al., 2006; Feurdean et al., 2015) although 
palaeoecological studies are abundant (e.g., Fărcaş et al., 
2005; Feurdean et al., 2008, 2013; Tanţău et al., 2011, 2014) 
This study is focused on a Sphagnum dominated 
peat bog from Romania and the main objectives will be: 
i) analysis of testate amoebae fossil assemblages for qualitative 
reconstruction of the moisture conditions on the peat surface; 
ii) loss on ignition analysis (LOI) for the calculation of 
organic matter and minerogenic material content in sediments; 
iii) to assess the possible correlation between the qualitative 
reconstruction of the major wet-dry shifts, the content of 
organic matter and the minerogenic material input.
STUDY SITE
The peat bog chosen for this study is situated in NW 
Romania in Iaz region (47°06’ N, 22°39’ E, 300 m altitude) 
The author’s rights are protected under a Creative Commons 
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(Fig. 1) and it is part of the Nature Reserve “Mlaştina de la Iaz” 
that covers 10 ha. The surface of the peat bog is about 0.35 ha 
with the peat deposit reaching a depth of 5.10 m (Munteanu and 
Raus, 1984). The region is under the influence of a temperate 
continental climate with an annual mean precipitation above 
700 mm and an annual mean temperature of 8°C.
Fig. 1. Location map of the study site.
The wet land part of the reservation is surrounded by dense 
forest belts that provide protection of the meso-oligotrophic 
vegetation and is composed of an inner belt dominated by 
Alnus glutinosa, and an outer forest belt mainly composed of 
Fagus sylvatica, Quercus petraea and Corylus avellana.
The area was declared nature reservation primarily 
because of the plant taxa encountered such as Sphagnum 
amblyphyllum, Sphagnum magellanicum, Sphagnum 
subsecundum and one of the few carnivore taxon (Drosera 
rotundifolia) present in Romanian flora.
The data about the study area were extracted from the 
Management Plan of this nature reserve compiled by the 
Institute of Biological Research (2012).
MATERIALS AND METHODS
Coring and chronology
The coring was performed with a Russian sampler (60 cm 
length and 6 cm diameter) in September 2012. The drilling 
depth was 540 cm, however the recovery of fossil testate 
amoebae was possible only as deep as 365 cm. In the field the 
cores were preliminary described, placed in half PVC tubes 
and wrapped in plastic films.
The chronology was established by seven AMS 
radiocarbon measurements on bulk peat at the Radiocarbon 
Laboratory in Poznán, Poland (only 4 were used in this study). 
The 14C measurements were calculated into calendar years BP 
using INTCAL13 data set of Reimer et al. (2013) with Clam 
software (Blaauw, 2010). Based on the resulting data an age-
depth model was constructed using the midpoints of the 2σ 
calibrated age ranges of the dates (Fig. 2).
Testate amoebae
Sub-samples of 1 cm³ were collected at 5 cm intervals along 
the peat core. The fossils were isolated from the peat using a 
sieving procedure without any chemical regents (Hendon and 
Charman, 1997; Charman et al., 2000). The samples were 
placed in a beaker (200 ml) with distilled water (100 ml). 
Fig. 2. The age-depth model for Mlaştina de la Iaz 
(after Grindean et al., 2014).
Lycopodium tablets were added to the samples to estimate 
the test concentrations (Stockmarr, 1971) and boiled for 
approximately 10 minutes, stirring occasionally to disaggregate 
peat and disperse the Lycopodium spores. Distilled water was 
added to cool off the samples, and the material was washed 
through 300 µm sieve. In this case the 15 µm sieve was omitted 
to avoid the loss of particularly small taxa (Payne, 2009; Wall 
et al., 2009). After the 300 µm sieving the material was placed 
into 50 ml centrifuge tube and centrifuged at 3000 RPM for 10 
minutes. Water was decanted and the residues were transferred 
into stropped vials with glycerol. Samples were mounted on 
slides and analyzed under a biological microscope with a 400x 
magnifier counting up to a minimum of 150 taxa from each 
sample (Payne and Mitchell, 2009). Taxonomic identification 
was followed to the highest possible level based on the 
available literature (Ogden and Hedley, 1980; Charman et al., 
2000; Clarke, 2003; Mazei and Tsyganov, 2006).
Loss on ignition
The organic matter content of the core was estimated 
using the loss on ignition (LOI) method (Dean, 1974; Heiri 
et al., 2001). The core was sub–sampled and analyzed at 5 cm 
intervals (from the same horizons as the testate samples) and 
at 2.5 cm when a higher resolution was needed. The samples 
were placed in crucibles, weighed and then dried over night 
at 100° C to estimate the water content. LOI is expressed 
as a percentage of the weight of the samples and illustrates 
the organic matter (OM) content that burns at 550°C, the 
carbonates content (carbonates) that burns at 950°C and the 
remaining matter that represents the minerogenic material.
The data was plotted using the C2 program (Juggins, 2003).
RESULTS
Lithostratigraphy and chronology
The peat core recovered from Iaz reached 540 cm (Grindean 
et al., 2014) but due to poor preservation of the fossils, the 
testate amoebae tests could be studied only to the depth of 
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365 cm. The present study will take into consideration only this 
part. The sequence is composed of peat and clayey peat with 
different degrees of humification and composition. Carex peat 
accumulated between 365 and 330 cm, Carex–Sphagnum peat 
deposited between 330–190 cm and Sphagnum peat forms the 
last 190 cm of the sequence. A simplified stratigraphy of the 
sequence used (0–365 cm) is given in the left part of the diagrams 
(Figs. 3-4). The complete description of the sequence and the 
accumulation rate are discussed in Grindean et al. (2014).
The uncalibrated and calibrated ages of the radiocarbon 
measurements are presented in Table 1. Because of the poor 
preservation of the pollen in the bottom part of the sequence 
and a possible hiatus at around 520 cm the first radiocarbon date 
(8380 ± 50 BP) was ruled out. Therefore, pollen stratigraphic 
markers from nearby sites were used for assigning the beginning 
of the peat sedimentation from our sequence to a given age 
(Grindean et al., 2014). Thus our record starts at about 7000 cal 
yr BP and the TA analysis at about 3050 cal yr BP. 
Fig. 3. Testate amoebae diagram representing the relative abundance of each taxa, lithology and the concentration of tests.
Fig. 4. Testate amoebae diagram with the dominant taxa, lithology, test concentration, OM (organic matter) and minerogenic material.
Testate amoebae and LOI
Based on the cluster analysis performed with the Past 
statistical program and the major changes of the fossil taxa 
domination, 9 distinct zones (TAZ 1-9) were identified.
TAZ 1 (3050 – 2950 cal yr BP)
Amphitrema flavum and Difflugia pulex were the dominant 
taxa for this zone, although they regress towards the end of 
the period. Centropyxis cassis, Difflugia pristis type, and 
Cyclopyxis arcelloides were present with low percentages. 
The OM proportion was approximately 95% but decreased 
as the minerogenic material hits 25% towards the end of this 
period. In addition the test concentration was low. 
TAZ 2 (2950 – 2200 cal yr BP) 
The zone was dominated by Centropyxis cassis, Difflugia 
oblonga, Difflugia pristis type, and Cyclopyxis arcelloides. 
OM percentages fluctuated between 60-90% and the 
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minerogenic material between 10-40%. Around 2900 cal yr 
BP a sharp increase in carbonates values correlates with the 
transition from a Carex peat to a Sphagnum–Carex peat. Test 
concentration of testate amoebae was low.
TAZ 3 (2200 – 2000 cal yr BP) 
In this period the number of Amphitrema flavum, 
Hyalosphenia papilio, Assulina muscorum, and Difflugia 
pulex increased. OM concentration exceeded 85% and 
minerogenic material suddenly decreased. Test concentration 
remained at very low values.
TAZ 4 (2000 – 1650 cal yr BP)
Centropyxis cassis, C. platystoma, and Cyclopyxis 
arcelloides had a high abundance. Although part of the 
dominant species, Difflugia pristis type also disappeared 
towards the end of the period. In the first part of this zone 
OM reached percentages lower than 60% and the minerogenic 
material exceeded 40%, whereas in the second part the OM 
had slightly recovered. Testate amoebae test concentration 
increased in the first part when the OM decreases.
TAZ 5 (1650 – 1350 cal yr BP)
This was an optimal period for Amphitrema flavum, 
Hyalosphenia papilio, Assulina seminulum, A. muscorum, 
Nebela militaris and Difflugia pulex that reached its highest 
number of individuals. OM had a stable accumulation of over 
90% and the minerogenic material decreased to values lower 
than 10%. Amoebae test concentration increased significantly. 
Around 1556 cal yr BP the peat type changed from a Sphagnum 
– Carex peat to a Sphagnum peat.
TAZ 6 (1350 – 1150 cal yr BP)
The previous species (from TAZ 5) had a decreased 
participation and increased abundance of Centropyxis cassis, 
C. platystoma, and Cyclopyxis arcelloides. OM slightly 
decreased with values still over 85% and the minerogenic 
material had slightly increased. Test concentration reached 
very low values abruptly.
TAZ 7 (1150 – 280 cal yr BP)
This was a period that represented the most stable 
environment for species like  Amphitrema flavum, Hyalosphenia 
papilio, Assulina seminulum, A. muscorum, and Difflugia 
Depth (cm) Laboratory number
14C yr BP Cal. yr BP (2σ) Data use to reconstruct chronology (cal. yr BP)
12–14 Iaz I13 121.04 ± 0.36 44–153 75
132–134 Iaz I133 1150 ± 30 1004–1173 1078
212–214 Iaz I213 1805 ± 30 1673–1861 1776
282–284 Iaz I283 2520 ± 35 2064–2569 2343
342–344 Iaz I343 2395 ± 35 2530–3145 2724
442–444 Iaz I443 4090 ± 35 4627–4670 4647
450 - Pollen - 4800
455 - Pollen - 4900
490 - Pollen - 5700
520 - Pollen - 7000
532–534 Iaz I533 8380 ± 50 - Not used
Table 1. AMS 14C measurements and calibrated range age for the Iaz sequence (after Grindean et al., 2014).
pulex. OM content and the minerogenic material had a similar 
trend as in the previous period. In this zone, the amoebae test 
concentration increased the most. 
TAZ 8 (280 – 100 cal yr BP)
In this zone, the previous taxa (see TAZ 7) had a sudden 
drop in values and were replaced by Centropyxis cassis, C. 
platystoma, and Cyclopyxis arcelloides. OM slightly decreased 
to 85% and the minerogenic material increased at a maximum 
of 15%. Testate amoebae concentration decreased suddenly to 
the minimum recorded values.
TAZ 9 (100 – 0 cal yr BP)
The most abundant taxa of this period were Hyalosphenia 
papilio, Assulina seminulum, A. muscorum, Difflugia pulex, 
and Nebela militaris. OM increased over 95% and the 
minerogenic material dropped to values less than 5%. Test 
concentration of testate amoebae maintained low levels.
In the XY scatterplot diagrams (Fig. 5) five taxa were 
analyzed that hold the highest abundance along the peat core 
(Amphitrema flavum, Centropyxis cassis, C. platystoma, 
Difflugia pulex, and Hyalosphenia papilio). These taxa 
were compared with the organic matter and the minerogenic 
material fluctuations, however, the carbonates content was 
omitted as it had low concentrations and a relationship with 
the taxa could not be observed.
DISCUSSIONS
In the bottom part of the presented sequence (3050 – 2950 
cal yr BP) the concentration of testate amoebae species are 
at their lowest values. This could be interpreted as a low 
preservation status of the environment. The period represents 
a moderately wet environment as suggested by the high 
concentration of Amphitrema flavum (40%), taxon that in a 
modern ecology study from the Carpathian Basin prefers wet 
conditions (Schnitchen et al., 2006), and Difflugia pulex (20%) 
which prefers rather dry conditions. This can be compared 
with the wet conditions from the dry-wet succession found in 
the Ştiucii Lake sequence (Feurdean et al., 2013) and Fenyves-
tető sequences (Schnitchen et al., 2006).
In the beginning of the period 2950 – 2200 cal yr BP the 
TA assemblages changed. Centropyxis cassis, typically from 
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Fig. 5. Correlation between the dominant testate amoebae taxa and the value of organic matter (OM), and minerogenic material.
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a very wet substrate (Schnitchen et al., 2006; Tolonel, 1986), 
became dominant. In association with Difflugia pristis type, 
taxon that also prefers very wet environments (Charman et al., 
2007), marks the beginning of a period with wet to very wet 
peat surface condition. Also in this time period, Cyclopyxis 
arcelloides appears with a high abundance. Described from 
variable conditions, from a moderate dry to a very wet soil 
(Warner, 1987), in this particular case is following the wet 
section of the dry-wet gradient. OM accumulation (over 90%) 
also suggests a climate in which the peat surface vegetation 
reaches stable conditions. After the change in TA community, 
the peat surface humidity suffered high fluctuations between 
very wet and wet throughout the entire period. The TA 
assemblage was composed mainly of Centropyxis cassis, 
Difflugia pristis type, and Cyclopyxis arcelloides. Difflugia 
oblonga was more abundant, taxa found typically in very wet 
Sphagnum blanket (Charman et al., 2007). These fluctuating 
conditions are reflected in the minerogenic material as well, 
which on several occasions exceeded 40% of the material 
accumulated in the peat. As this accumulation of minerogenic 
material is in contrast with TA species characterizing wet 
conditions and a vegetation composed predominantly of 
Carex species (specific for minerotrophic mires), it can be 
interpreted as wet to very wet periods with high influx of 
humidity from outside of the mire. These fluctuations in the 
peat surface conditions could also be a reason for the poor test 
preservation reflected in the test concentration. In the same 
period, the surface vegetation changes from one dominated 
by Carex to one dominated by both Sphagnum and Carex. 
This could be correlated with the 2800 – 2400 cal yr BP event 
described by Grindean et al. (2014) which imply an outward 
expansion of the hygrophilous forest belt and a widening of 
the inner swamp. 
Between 2200 and 2000 cal yr BP the peat surface 
conditions have changed from very wet to moderately dry 
conditions. The species and their abundance found in this 
environment are similar with those found in the period 3050 
– 2950 cal yr BP, exception being Assulina muscorum that 
increases in abundance. This is a wide spread taxon, generally 
found in greatest abundance during relatively dry conditions 
(Tolonen, 1986). This drier trend is in correlation with the 
microcharcoal analysis from Mlaştina de la Iaz peatland 
(Grindean et al., 2014) that shows a small increase in count, 
indicating a drier environment than the previous period. Dry 
conditions are described from the Molhaşu Mare site as well, 
where the microcharcoal analysis showed a dry environment 
between 2400 – 1800 cal yr BP (Feurdean and Wilis, 2008).
Between 2000 and 1650 cal yr BP, the peat surface 
conditions became again very wet and similar as in the 
period 2950 to 2200 cal yr BP were Centropyxis cassis, 
Centropyxis platystoma (taxa with very wet environmental 
requirements, similar to C. cassis and Cyclopyxis arcelloides) 
became dominant. This conditions can by correlated with the 
Ştiucii Lake sequence (Feurdean et al., 2013) in which wetter 
conditions between 2200 and 1800 cal yr BP and 1800 – 1600 
cal yr BP are suggested. The minerogenic material reached 
values over 40% marking once again a high input of humidity 
from outside of the mire.
Starting with 1650 Difflugia pulex (dry indicator) made 
up more than 60% of the TA communities. Among the wet 
indicators Amphitrema flavum and Hyalosphenia papilio 
were present with low values. This environment is in good 
correlation with the Fenyves-tető sequence (Schnitchen et 
al., 2006) where the moderately dry conditions persist until 
year 370 BP. OM accumulation exceeds 90% starting a cycle 
with low input of material from outside of the mire. In Iaz 
peatland, these conditions were maintained until 1350 cal yr 
BP when Centropyxis platystoma and Cyclopyxis arcelloides 
taxa have increased in values indicating very wet peat surface 
conditions. These conditions were also reflected by the 
vegetation shifts (Grindean et al., 2014) that indicate possible 
flooding episodes between 1300 – 1100 cal yr BP. Small 
concentrations of testate amoeba were found along this zone. 
These very wet conditions persisted until 1150 cal yr BP, the 
beginning of a period where the wet indicators (Amphitrema 
flavum and Hyalosphenia papilio) dominated the TA fauna 
with more than 80% of the total taxa assemblage. This wet 
peat surface conditions lasted until yr 280 BP and correlates 
with a gradually wetter conditions described in Tăul Muced 
profile between 1015 – 850 cal yr BP (Feurdean et al., 2015). 
The transition of the peatland surface vegetation from Carex-
Sphagnum to predominately Sphagnum and the extremely low 
input of minerogenic material (< 5%) suggests an isolation of 
the peatland from the other water supplies except precipitation 
and could by related with the peatland transition from 
minerotrophic to ombrotrophic.
Between 280 and 100 cal yr BP, the high abundance of 
Centropyxis cassis and C. platystoma indicate a sudden 
episode with very wet peat surface conditions. Around 100 cal 
yr BP dry climatic conditions are suggested by the presence 
of Difflugia pulex and Nebela militaris. A similar event was 
described at Tăul Muced by Feurdean et al. (2015).
The XY scatter plots correlation diagrams (Fig. 5) point 
out the correlation of Amphitrema flavum, Difflugia pulex, and 
Hyalosphenia papilio with a high OM content. Centropyxis 
cassis and C. platystoma have a low abundance compared to 
the increasing OM values (over the 90%). In the case of the 
minerogenic material the situation is opposite: Centropyxis 
cassis and C. platystoma are abundant when accumulation rates 
exceed 10%, while Amphitrema flavum, Difflugia pulex, and 
Hyalosphenia papilio are not abundant when the minerogenic 
material input is over 15%. Because both C. cassis and C. 
platystoma have agglutinated tests, the correlation of their 
abundance with the minerogenic material could be explained 
by the fact that more mineral content favors the developing of 
agglutinated species.
CONCLUSIONS
The results from this study indicate that changes in moisture 
in peat bogs can be reconstructed based on the ecology and the 
distribution of testate amoeba assemblages.
Some rapid changes in the peatland surface conditions 
along the wet-dry gradient, as well as relatively stable 
climatic periods in the peat bog area were identified during 
the last 3050 years. These changes correlate well with other 
palaeoenvironmental records from Romania.
The LOI appears to show a relationship between the testate 
amoebae fauna and the OM/minerogenic material content. The 
relative abundances of very wet indicators or the agglutinated 
species increase when the minerogenic material input 
grows, while the wet-moderately wet indicators shows high 
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abundance when OM content increases. During the periods 
with high OM concentration the peat bog could have been 
isolated from an external input of mineral nutrients, having an 
oligotrophic evolution. 
These results demonstrate the utility and the importance 
of studying these organisms and their involvement in different 
studies as an additional proxy for the reconstruction of 
palaeohydrological changes in peat bogs during the Holocene.
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